Background The outcomes of shoulder arthroplasties in younger patients (55 years or younger) are not as reliable compared with those of the general population. Greater risk of revision and higher complication rates in younger patients present direct costs to the healthcare system and indirect costs to the patient in terms of quality of life. Previous studies have suggested an increased demand for shoulder arthroplasties overall, but to our knowledge, the demand in younger patients has not been explored.
Abstract
Background The outcomes of shoulder arthroplasties in younger patients (55 years or younger) are not as reliable compared with those of the general population. Greater risk of revision and higher complication rates in younger patients present direct costs to the healthcare system and indirect costs to the patient in terms of quality of life. Previous studies have suggested an increased demand for shoulder arthroplasties overall, but to our knowledge, the demand in younger patients has not been explored.
Questions/purposes We asked: (1) What was the demand for shoulder arthroplasties between 2002 and 2011 in the United States for all patients and a specific subpopulation of patients who were 55 years old or younger? (2) How is the demand for shoulder arthroplasties in younger patients projected to change through 2030? (3) How is procedural demand projected to change in younger patients through 2030, and specifically, what can we anticipate in terms of hemiarthroplasty volume compared with that of total shoulder arthroplasty? Methods We used the National Inpatient Sample database to identify primary shoulder arthroplasties performed between 2002 and 2011. A Poisson regression model was developed using the National Inpatient Sample data and United States Census Bureau projections on future population changes to predict estimated national demand for total shoulder arthroplasties and hemiarthroplasties in all patients and in the subpopulation 55 years old or younger. This model was projected until 2030, with associated 95% CIs. We then specifically analyzed the projected demand of hemiarthroplasties and compared this with demand for all arthroplasty procedures in the younger patient population. Results Demand for shoulder arthroplasties in patients 55 years or younger is increasing at a rate of 8.2% per year (95% CI, 7.06%-9.35%), compared with a growth rate of 12.1% (95% CI, 8.35%-16.02%) per year for patients older than 55 years. In 2002, 15 .9% (3587 of 22,617 captured in the National Inpatient Sample) of primary shoulder arthroplasties were performed in patients 55 years old or younger. In 2011, the relative size of the younger patient population had decreased to 11.0% (7001 of 63,784) of all recipients of shoulder arthroplasties. The demand for primary shoulder arthroplasties among younger patients is projected to increase by 333.3% (95% CI, 257.0%-432.5%) from 2011 to 2030. However, in patients older than 55 years demand is projected to increase by 755.4% (95% CI, 380.7%-1511.1%). Therefore, despite the increased predicted demand for shoulder arthroplasties in younger patients, they are predicted to account for only 4% of all recipients by 2030. The rate of hemiarthroplasties in patients 55 years or younger showed a 16.5% decline per year (95% CI, 16.1%-17.1%) from 2002 (53.6% of all arthroplasties) to 2011 (34.2% of all arthroplasties). By 2030, hemiarthroplasties are projected to account for only 23.5% of all shoulder arthroplasties in patients 55 years or younger. Conclusions The demand for shoulder arthroplasties in younger patients continues to increase in the United States; however, rates of hemiarthroplasties are declining. The demand has substantial implications for future revision arthroplasties, which include the direct healthcare costs of revision arthroplasty, the indirect societal burden of missed productivity owing to time away from work, and the increased burden of the need for qualified surgeons to meet the demand. Despite the increasing rate of arthroplasties performed in younger patients, current and projected demands remain greater for older patients, indicating a disproportionately greater need for shoulder arthroplasties in older patients. This is in contrast to the trends observed in the literature regarding hip and knee arthroplasties that show projected demands to be greater in younger patients. Factors responsible for the difference in demand require further investigation but may be related to changing indications, reported poorer outcomes in younger patients, the increased popularity of reverse shoulder arthroplasties in the elderly, or the evolution of nonarthroplasty options. Level of Evidence Level III, prognostic study.
Introduction
Demand for shoulder arthroplasties in the United States continues to increase and projections based on the Nationwide Inpatient Sample (NIS) suggest this trend is likely to continue [11, 19] . While future demand for shoulder arthroplasties, regardless of patient age, has been examined [11, 19] , to our knowledge projection of demand for younger patients (55 years old or younger) has not yet been independently analyzed. This is an important gap in our knowledge because indications for shoulder arthroplasties have been expanded to include younger and more active patients. The younger patient with end-stage shoulder arthritis presents a unique treatment challenge given high expectations for outcomes, long life expectancy, and highdemand lifestyles. As a result, the younger patient has been considered at greater risk for needing revision surgery compared with older patients [35, 36] . Because of concerns regarding aseptic glenoid loosening [12] , hemiarthroplasties traditionally have been performed in younger patients. It is unclear whether improved functional outcomes after total shoulder arthroplasties (TSA) in younger patients have resulted in a proportionate increase in TSAs in this population [5] . We intend to address this gap in the knowledge by using the NIS to project the demand for shoulder arthroplasties for the general population and a younger subpopulation. For the purposes of this study, patients 55 years or younger were defined as the young patient population as this age cut-off has been used more consistently in the literature regarding shoulder arthroplasties to determine a younger patient cohort [4, 5] . Additionally, this group of patients has been shown to be at greater risk for needing revision surgery and having poor results after shoulder arthroplasty [4, 5] . Similar analysis in hip and knee arthroplasties has suggested that demand for arthroplasties in younger patients (defined as 65-years-old or younger in that study) is increasing at an accelerated rate [21] .
End-stage glenohumeral arthritis in patients is a difficult clinical problem to treat and little is known regarding the current and future demands of arthroplasty treatment. Therefore, a high-quality projection of future shoulder arthroplasty demand in young patients would be valuable. We therefore asked: (1) What was the demand for shoulder arthroplasties between 2002 and 2011 in the United States for all patients and a specific subpopulation of patients who were 55 years old or younger? (2) How is the demand for shoulder arthroplasties in younger patients projected to change through 2030? (3) How is procedural demand projected to change in younger patients through 2030, specifically hemiarthroplasty compared with anatomic TSA?
Methods
The NIS dataset was used to identify primary shoulder arthroplasties performed in the United States from January 1, 2002 through December 31, 2011. Surgical procedures were identified in the NIS by the International Classification of Diseases, Ninth Revision, Clinical Manifestation (ICD-9-CM). Codes 81.80 (TSA), 81.81 (hemiarthroplasty), and 81.88 (reverse shoulder arthroplasty) were used to identify all primary shoulder arthroplasties performed during our study period. Statistical trend files released by Healthcare Cost and Utilization Project (HCUP) were used to appropriately adjust for yearly variation in sampling methods [17, 21] . We first retrospectively analyzed procedural volume reflected by the three ICD-9-CM codes. We then analyzed the growth trend in demand for the three procedures from 2002 through 2011 to estimate future rate of shoulder arthroplasties through 2030.
Patients were identified by the three ICD-9-CM codes for primary arthroplasty. Patients undergoing revision procedures were excluded as the ICD-9CM code used for shoulder arthroplasty (81.97-revision of joint replacement of upper extremity) is not specific for shoulder arthroplasty. Patients 55 years old or younger were designated as younger patients for our study. The sample from the NIS, which is a representative sample of approximately 20% of all discharges nationally, contained 84,206 patients (Table 1 ). These are projected to the entire population by the HCUP.
Poisson regression analysis of the NIS and population data from the United States Census Bureau were used to evaluate trends in shoulder arthroplasty demand from 2002 through 2011 and project future demand for all patients and those we designated as ''younger'' patients through 2030. The interactions among different demographic and surgical variables were used to predict demand for shoulder arthroplasties through 2030. An overdispersion parameter was generated to account for the possibility that the true variability is greater than predictive variability. This is designed to account for the predicted demographic trends from the United States Census Bureau and the predicted surgical trends from the NIS which may understate true population variability. The total number of patients who will undergo shoulder arthroplasties through 2030, with corresponding 95% CIs, was estimated by comparing the rates estimated by our model with future population projections by the United States Census Bureau. This analysis then was repeated for patients 55 years or younger. This modeling technique has been shown to be valid in previous analyses examining demand projections in hip and knee arthroplasties [21] and in shoulder and elbow arthroplasties [11] .
Microsoft 1 Excel (2013; Redmond, WA, USA) and R (R Development Core Team [2008] ; R Foundation for Statistical Computing; Vienna, Austria) were used for all statistical calculations for our study.
Results
The first component of our analysis focused on trends of shoulder arthroplasty demand from 2002 to 2011 for all patients and a specific subpopulation of patients 55 years old or younger. There were 427,841 primary shoulder arthroplasties performed in the United States during this period, identified by ICD-9-CM codes 81.80, 81.81, and 81.88, which included any primary shoulder arthroplasty without distinction by underlying diagnosis. The procedural volume increased annually from 25,180 (8.8 arthroplasties per 100,000 people) in 2002 to 67,189 (21.6 arthroplasties/100,000 people) in 2011. Regarding demand in younger patients, in 2002, 15.9% of primary shoulder arthroplasties were performed in patients 55 years or younger. By the end of 2011, the relative size of the younger patient population had decreased to 11% of all shoulder arthroplasty recipients.
Next, we used a Poisson regression model to attempt to predict future shoulder arthroplasty demand through 2030 for all patients and a subgroup 55 years old or younger. This model projected that the demand for shoulder arthroplasties in all patients to increase to 184.8 cases per 100,000 people by 2030 (95% CI, 94.5-363.3) compared with 21.6 per 100,000 people in 2011. This model also predicted that for patients 55 years old or younger the demand would increase to 10.1 cases per 100,000 people (95% CI, 7.8-13.04) and for patients older than 55 years, 539.8 cases per 100,000 people (95% CI, 272.1-1079.9) ( Fig. 1) . From 2011 to 2030, the demand for shoulder arthroplasties is projected to increase by 333.3% (95% CI, 257.0-432.5) for patients 55 years or younger and by 755.4% (95% CI, 380.7-1511.1) for patients older than 55 years. While the demand for shoulder arthroplasties in younger patients was projected to increase in our model, the demand for primary shoulder arthroplasties among patients 55 years or younger was projected to decrease to 4% (95% CI, 2.6-5.9) of all recipients by 2030. Therefore, while the demand for shoulder arthroplasties by younger patients and all patients is predicted to increase, it is predicted to increase at a faster rate for the general population. This is in the context of a growing population of young patients as found by the United States Census Bureau. In 2011, United States Census Bureau data showed that people 55 years or younger account for 74.5% of the population compared with the census projection of 68.9% in 2030 [38] .
Finally, our model predicts changes in the type of procedure that younger patients are likely to undergo. Rates of shoulder hemiarthroplasties in patients 55 years or younger showed a 16. hemiarthroplasties are projected to account for 23.5% of all primary shoulder arthroplasties performed on patients 55 years or younger. For patients older than 55 years, hemiarthroplasties accounted for 58.4% of all arthroplasties in 2002, 21.2% in 2011, and are projected to account for 3.9% in 2030.
Discussion
The outcomes of shoulder arthroplasties in younger patients are not as reliable compared with those of the general population. Higher complication and revision rates in younger patients present direct costs to the healthcare system and indirect costs to the patient in terms of quality of life [35, 36] . Previous studies have suggested an increased demand for shoulder arthroplasties overall [11, 19] , but to our knowledge, the demand in younger patients has not been explored. Therefore, we thought that development of a projection of future shoulder arthroplasty demand in young patients would be valuable. Our model of primary shoulder arthroplasty demand, similar to a previous projection model [11] , showed increased demand for shoulder arthroplasties. From our model, we project an approximately ninefold increase in the rate for shoulder arthroplasties by 2030. Despite the predicted increase in demand for all patients and the younger subpopulation, the demand in older patients is growing at a faster rate than in younger patients. This observed trend does not follow that seen in hip and knee arthroplasties where demand in younger patients is growing faster than demand in older patients [21] . From a procedure-specific standpoint, our study showed the rates of hemiarthroplasties in younger and older patients are decreasing steadily, resulting in a greater proportion of patients undergoing anatomic TSAs or reverse shoulder arthroplasties.
Our study has several limitations. Data from the NIS have been used to study economic burden, complication rates, and future demand for hip and knee arthroplasties [21] [22] [23] ; however, the scope of the NIS database creates inherent flaws that must be acknowledged. Our projections likely understate the demand for shoulder arthroplasties as ICD-9-CM code 81.83 (other repair of shoulder with arthroplasty) was excluded. Although the 81.83 code does capture some primary arthroplasty cases, our institutional experience has shown that the code number often is assigned in revision settings or nonarthroplasty cases. As noted in the Methods section, we were unable to use ICD-9-CM codes in the NIS database to distinguish TSA from reverse shoulder arthroplasty before 2010; therefore, projecting future demand for reverse shoulder arthroplasty currently is not reliable based on NIS data. Additionally, we excluded revision arthroplasty cases from this study owing to the nonspecific nature of ICD-9CM coding for this procedure. Revision shoulder and elbow arthroplasties are covered by ICD-9CM code 81.97 (revision of joint replacement of upper extremity) and therefore NIS analysis that includes this ICD-9CM code would not be specific to revision shoulder arthroplasty. Another weakness is that defining an age cutoff for the younger patient is arbitrary. Selecting a younger age for this cutoff likely would reduce the projected demand for shoulder arthroplasties whereas selecting an older age would likely increase projected demands. The age of 55 years was selected because previous studies of shoulder arthroplasties in younger patients have used this age cutoff [4, 5] . Finally, as noted by Kurtz et al. [21] in their projection study of the demand for hip or knee arthroplasties using the NIS, our model does not account for technologic advances in medicine that may reduce the need for shoulder arthroplasties, changes in public health policy and economics that may limit access to care, or the need for trained surgeons that may not meet patient demand for shoulder arthroplasties. The model also cannot account for saturation of demand in shoulder arthroplasties; it is projected based solely on the increasing demand between the years for which data have been calculated (2002) (2003) (2004) (2005) (2006) (2007) (2008) (2009) (2010) (2011) . It is impossible for demand to increase exponentially, infinitely into the future without patient demand becoming stagnant. The difficulty of accurate projection even less than two decades into the future (2030) is underscored by the broad 95% CIs for these projections. The difficulty of future projections is underscored because the data regarding demand for primary and revision knee arthroplasties presented by Kurtz et al. [21] was overprojected.
Despite these limitations, increased demand for shoulder arthroplasties was shown by our study model. Our results corroborate those seen with previous models [11, 19] . This increase in demand for shoulder arthroplasties may be a result of increased practice focus on shoulder arthroplasty [11] , increased emphasis on shoulder arthroplasty in fellowship training [11] , and expansion of arthroplasty indications [29] . Additionally, with the introduction of the Affordable Care Act, we expect increased access to healthcare for tens of millions of patients [39] . With this increased access to care, there may be a concomitant increase in procedural demand. Furthermore, demand for shoulder arthroplasties was projected to increase for all patients and the younger subpopulation (although at a slower rate for younger patients). The increased demand by younger patients may have implications on future surgical training and cause a drive to further surgical innovation in shoulder arthroplasties, as younger patients tend to have inconsistent results [35, 36] . In the context of increasing demand for the difficult clinical problem of end-stage glenohumeral arthritis in younger patients, new techniques may be a promising area for further study. In some studies, TSA [24] , humeral head resurfacing [30] , and hemiarthroplasty with concentric glenoid reaming [31] in younger patients have shown promising short-and midterm results. We may see an additional increase in arthroplasty demand in younger patients with end-stage glenohumeral arthritis as arthroplasty options in this population improve. Conversely, demand in younger patients may decrease if more palatable nonarthroplasty options develop. Techniques such as arthroscopic débridement, capsular release, humeral osteoplasty and/or axillary nerve decompression [25, 27, 33] , osteochondral autologous transplant [16, 32] , and biologic resurfacing [15, 20, 26] have had mixed results. Future developments in arthroplasty and nonarthroplasty treatment options for end-stage glenohumeral arthritis in young people will shape future demand up to and beyond the window of this predictive model.
The changing demographics of patients undergoing shoulder arthroplasties observed in our study differs from changes observed in the patient population for hip and knee arthroplasties. In shoulder and hip and knee arthroplasties, procedural demand for younger and older patients is increasing [11, 19, 21] . However, our model predicts that demand is increasing for younger patients at a rate slower than that of the general population while the converse has been found for hip and knee arthroplasties [21] . Younger patients are projected to account for more than 1/2 the volume of all patients undergoing primary hip and knee arthroplasties [21] , while patients younger than 55 years are predicted to account for only 4% of patients undergoing shoulder arthroplasties by 2030 in this model. These findings may result from numerous factors. First, a change in population demographics may be contributory. According to the United States Census Bureau data, the percentage of people 55 years or younger in 2011 account for 74.5%. This is projected to decrease to 68.9% in 2030. This decrease in the overall percentage of young people may be contributing to the observed change in demographic trends. Second, the volume increase attributable to the popularity of the reverse prosthesis would disproportionately affect the elderly patient population, as reverse prostheses usually are not implanted in younger patients. The Administration on Aging reported that citizens older than 65 years represented 12.4% of the population in 2000, 12.9% in 2009, and projected that the population will increase to 19% by 2030 [2] . Market analysis found approximately 2000 reverse total shoulder arthroplasties performed in 2004, 10,000 in 2007, and a projected volume of 30,000 in 2012 [19] . We were unable to clearly elucidate demand for reverse shoulder arthroplasties from the NIS data owing to previously noted confounding procedural codes, but a decreased number of hemiarthroplasties in the face of rising demand for primary shoulder arthroplasties suggests wider use of reverse shoulder arthroplasties and TSAs. With reverse shoulder arthroplasty having an ICD-9-CM code in recent years, further study may reveal if the increase in shoulder arthroplasties is being carried by reverse shoulder arthroplasties. The increasing demand for reverse shoulder arthroplasties will be able to be more thoroughly evaluated when the coding is used more universally and as patients and surgeons become more comfortable with this procedure. We anticipate that the demand may increase as patients waiting to see longer-term results become comfortable enough to commit to this procedure. Third, outcomes in younger patients undergoing shoulder arthroplasties have been poorer than those for the general population [35, 36] , whereas outcomes of hip and knee arthroplasties in younger patients have been studied extensively and show promising results at 10 and 15 years followup [8, 10, 13, 18, 28] .
Our study also projects decreasing use of hemiarthroplasties compared with TSAs in younger patients. Studies showing that TSAs yield superior clinical results and lower revision rates compared with hemiarthroplasties in younger patients may explain these projections [5, 41] . Although data suggest greater survivorship of TSAs in younger patients compared with hemiarthroplasties [35, 36] , a previous study suggested concerning rates of early glenoid loosening [12] . The implications of the observed trend of decreasing hemiarthroplasties in younger patients on the revision arthroplasty burden is yet unknown. The observed trend and projection of decreasing use of hemiarthroplasties in older patients are not surprising. Analyses have shown poorer long-term outcomes with hemiarthroplasty compared with TSA for older patients with glenohumeral joint arthritis [3, 14, 37, 40, 41] . Additionally, the expansion of indications for reverse shoulder arthroplasties, specifically for patients with proximal humerus fractures [1, 6, 7, 34] previously treated almost exclusively with hemiarthroplasties, may explain the decline in hemiarthroplasties in treating elderly patients. The decline may accelerate as some comparative results between reverse shoulder arthroplasty and hemiarthroplasty have shown superiority of the reverse prosthesis in patients with complex proximal humerus fractures [9] and in patients with rotator cuff insufficiency [41] .
We predict continued increased demand for primary shoulder arthroplasties. The projected increase in demand has important implications for the future of revision arthroplasty, including costs to the healthcare system and need for qualified surgeons to meet the demand. Despite the growth rate for younger patients, current and projected demands remain greatest in the older patient population. The discrepancy may be related to changing indications, poorer reported outcomes in younger patients, the evolution of nonarthroplasty options for younger patients, and the recent increased popularity of reverse shoulder arthroplasties in older patients (specifically, for displaced proximal humerus fractures).
